The study of percolation of fluids through permeable subsoil strata has always been a subject of great significance from engineering point of view. The permeability depends upon both material properties and fluid characteristics. Previous studies are concentrated on the influence of regularly shaped particles on permeability, whereas the present study aims to analyse its variation due to natural 
INTRODUCTION
The percolation of fluids through porous media is an important phenomenon that occurs appreciably in many physical situations such as flow through aquifers and in situations where packing material is contained within structures like cooling towers, sewage treatment plants and chemical reactors (Nemec & Levec ) . Permeability is an essential quantitative measure of fluid transmissibility in the linear, pre-linear and post linear regimes. It depends on the physical properties of flowing liquid such as density and viscosity at the temperature and pressure involved as well as the characteristics of the transmitting medium such as particle size, porosity of the packing, shape of the individual particles, size distribution of the particles in the bed with respect to each other and particle surface roughness and permeameter walls (Bear ) . The field scenarios in general are represented by sufficiently large porous media in the direction normal to flow, such that the influence of boundary on particles of the medium may be ignored. However, the studies or measurements of permeability in the laboratory suffer with a few constraints due to the extent of medium causing the wall effect to predominate in such situations.
Several theories have been proposed for explaining the phenomena of wall effect on flow through porous media. Cohen & Metzner () are the first to suggest a tri-regional model to facilitate the study of permeability in all three regions separately through detailed description of porosity variations within the region. The model is comprised of a capillary tubes. Another alternate model has been proposed by Nield () , in which he divided the porous media into two zones viz. a thin layer of the order of one particle diameter adjacent to the wall, which can be safely assumed to be occupied by fluids only, and another layer of a packed bed with uniform porosity whose behaviour can be well deduced that boundary influences flow primarily in two ways: firstly, the velocity at the wall is assumed to be zero to ensure a no-slip condition which introduces a variation in the uniform flow field predicted by Darcy's law (Miguel ) ; and secondly, the packing of particles in an unconsolidated porous medium will change due to the presence of boundary as there will be haphazard packing in its proximity as compared to the compact packing in the central portion (De Klerk ) . This causes non-uniformity in porosity of the bed, thus affecting its permeability and flow of fluid through it (Larsson et al. ) . The permeability of the confined bed (K ), coefficient of dynamic viscosity, the permeability of the unconfined bed (K**) are some of the factors that are taken into consideration to study the effect of confinement on permeability and are calculated using empirical equations (Choi et al. ; Khirevich et al. ; Fodor et al. ; Hamdan & Kamel ) . A value of the ratio K/K**, greater than unity, implies that the increase in permeability is mainly due to the effect of increased porosity at the wall region. On the other hand, a ratio of less than unity suggests the role of shearing stresses due to greater surface area at the wall in decreasing the value of permeability ( Jin-Sui et al. ). It has been observed from previous studies that wall effect becomes negligible for a value of K/K** equal to unity. Furnas () and Cohen & Nield () suggest that surface area is a dominant factor in determining the value of K/K** for a sufficiently thick wall zone. This dependence of permeability of the confined bed on permeameter diameter can be satisfactorily found out by analysing the variation of K/K** values with the ratio (Winterberg & Tsotsas ) . As per Chapuis (), the permeability of confined bed and unconfined bed or infinite bed can be determined as:
where:
water (N/m 3 ), Z ¼ shape factor of the material, given by:
/V p , S p ¼ surface area of the particle (m  2 ) and V p ¼ the volume of the particle (m 3 ).
Moreover, the shape of the particles of the material occupying the porous bed also affects its resistance and is used as a correction factor for the determination of correct values of permeability from empirical formulae. It can also be calculated by comparing the experimental values of permeability for the given material to the values when particles of the medium are assumed to be spherically shaped. In the present study, shape factor plays an important role due to the usage of natural, randomly shaped materials and is chosen based on an average for a random sample, where the value of the shape factor for a spherical particle can be safely approxi- 
Discharge measuring device: In the volumetric method of discharge measurement the water is collected in a bucket
for a recorded period of time which is then measured in a 2,000 cm 3 graduated jar.
Packing material:
The uniformly sized samples such as that of sand of particle size 0.5 mm; white marble chips with particle 
RESULTS AND DISCUSSION
The experimental investigations are carried out to study the relation of permeability with the properties of the material and the medium. Different ranges of parameters and the material characteristics are used for obtaining required inputs for study.
Variation of Fr vs. Re for different mean size
Uniformly sized white and black marble chips, gravel and sand particles with their mean grain diameter ranging between 0.5 mm to 4.0 mm are used for different sets of experiments.
The relationships between the dimensionless quantities Fr The experimental results for the natural material utilized for the present study, along with their shape factors, has been tabulated in precise numerical values in Table 1 and the results as depicted in Figure 4 are observed to be in good agreement with the data reported by various researchers in their previous studies. Table 1 shows the values of particle size, the size of the permeameter used, shape factor, D P /d g ratio, porosity, permeability for finite bed and the ratio K/K**, in that order.
CONCLUSIONS
The present study reveals that the upper limit of the val- On the basis of the experimental investigations conducted, it is reported that the apparent permeability increases with decreasing ratio of D P /d g up to a value less than 50, which is also in agreement with the data reported by Furnas () and Cohen & Nield () .
Whereas the apparent permeability of the infinite bed (K**) is almost equal to that of the finite bed (K ) for values of D P /d g between 40 and 80 and thereafter, any changes in the value of permeability are only due to factors other than the boundary, as mentioned above. The study recommends further research on effect of grain shape and wall surface roughness on permeability.
